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Recent studies [1-4] have revealed that some Gd®" containing wide band-gap fluoride crystals with
scheelite and YF; structure emit VUV lumlnescence (hv ~ 10 eV), which is due to the
interconfigurational 4/°5d — 4f transitions in the Gd*" ion. In the present work the spectral and
temporal characteristics of VUV luminescence from CaF, doped with Gd*(0.1%) and Ce™>"(0.05%)
have been studled under excitation near and above the edge of interconfigurational 4f — 4f°5d
transitions in Gd** [5]. High-resolution (~1 A) VUV emission and excitation spectra as well as
decay kinetics of VUV luminescence have been measured using the SUPERLUMI set-up.

At low temperature the VUV (4 ~129.5 nm) luminescence has been detected from the
CaF,:Gd*",Ce’" crystal under the excitation in the spectral reglon of 4f' — 4/°5d transitions in Gd**
(Fig. 1). The VUV emission spectrum of CaF»:Gd>*,Ce’" shows a narrow zero-phonon line at
77760 cm™ followed by a broad side band centered at 77200 cm™, which i is superimposed by the
phonon fine structure with dominating vibronic line separated by <370 cm’ from the zero- -phonon
line. The decay time of the VUV luminescence is 8.5 = 0.1 ns at 10 K. VUV luminescence is
completely quenched at T ~ 150 K. The zero-phonon line and other features in_the VUV emission
spectrum well correlate with the structure observed at the onset of the Gd*" 4f — 4/°5d excitation
spectrum, The obtained results clearly show that the VUV lumlnescence observed from the
CaF,:Gd*",Ce’" crystal is due to 4/°5d — 4f" radiative transitions in Gd**

The orange (590-640 nm) luminescence, which is due to 4]7 Gip — PJ trans1t10ns in G&** , 18 also
observed from CaF,:Gd,Ce under the excitation to 4/°5d configuration of Gd** ObV10usly there
exists some probability for non- -radiative relaxation from the lowest 4/°5d level of Gd** to closely
spaced energy levels of Gd** 4f" configuration that will finally result in the population of the
emitting 4f7 G2 level. The excitation spectrum of VUV luminescence completely coincides with
the excitation spectrum of this orange luminescence, as expected (see Fig. 1).

Several features in the excitation spectrum can be tentatively ascrlbed to zero-phonon lines
accompanied by the dominating vibronic lines separated by ~ 370 cm™ from zero-phonon lines,

similar to the Gd’ 4]6 5d - 4f7 emrss1or1 spectrum. We are not aware of any theoretical calculations
of 4f' — 4/°5d transitions in Gd’" and hence, the detailed analysis of the structure of excitation
spectrum cannot be performed. However, the energy range and many features of this structure
correspond well to the energy level system of the ground ’Fy multiplet of the 4/° core in Gd*" 4/°54
conﬁguratron as can be seen in Fig. 1, where the energy level structure of the 4/° "Fy multiplet of
Eu’" (in LaF5) is superimposed on the Gd** excitation spectrum with the ground level coinciding
with the lowest-energy zero-phonon line. The decrease of VUV emission intensity towards higher
energies is obviously due to the edge of intrinsic absorption of the host crystal, the energy of which
can be estimated from the excitation spectrum of self-trapped exciton emission from CaF,.

Well resolved fine structure due to zero-phonon lines and vibronic 11nes along with broad side-
bands observed in VUV emission and excitation spectra of CaF»: Gd** Ce 1ndlcate intermediate
electron-lattice couphng between the 4/°5d electronic configuration of the Gd** ion and the lattice
vibrations in CaF,:Gd*",Ce’” system. The estimation of the Huang-Rhys parameter S ~ 1.5 from the
energy difference between the zero- -phonon line and the maximum of the wide side band, taking
into account the energy of the dominating vibronic line in the obtained spectra, confirms this
conclusion.
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Figure 1: Spectra of CaF,: Gd3+(0 1%) Ce*(0.05%) crystal in the region of Gd** 4f — 4f°5d transitions. High-
resolution (AL ~1 A) VUV emission spectmm under 124.7 nm excitation (bold solid line). High-resolution
(Aﬂ ~ 1 A) excitation spectra of Gd’* 4" °G;,, — °P; emission (lower thin solid hne) and G&®" 4/°5d — 4f
emission (upper thin solid line). Excitation spectrum of self-trapped exciton emission (dotted line). The
spectral lines tentatlvely ascrlbed to zero-phonon lines are marked by symbol “ | ”, and to domlnatlng
vibronic lines by symbol “ * . The energy level structure of the 4/° F; ground multlplet of Eu’" (in LaF5) is
superirnposed on the spectra in the upper part of the Figure. T =9.5 K.

The Vlbromc Structure in emission and excitation spectra of Gd** d — f luminescence from the
Can Gd** Ce crystal differs from that observed for other trivalent rare earth ions doped into Can
and is dominated by the line at ~370 cm™ which does not correspond to any well-defined peak in
phonon spectrum of CaF,. This can indicate that Gd** ions reside in CaF, predominantly in sites of
different type than other rare earth ions, and some pseudo-local mode (where the atomic amplitudes
near the mass defect are changed) with the energy ~370 cml is involved in electron-lattice
coupling between the 4/°5d electronic configuration of the Gd*" ion and the lattice vibrations in
Can
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